Objective: To assess the effects of the national Smart Snacks in School standards, which include nutrient and ingredient limitations for school competitive foods and beverages effective July, 2014, on student intake in low-income rural Appalachian middle schools. Methods: Food-frequency questionnaires were administered to students before and after implementation. Multiple ordinal logistic regression models were conducted to examine effects from year of data collection, grade, and free or reduced price lunch participation rates. Results: No significant changes were observed after implementation except a decrease in consumption of 1% or nonfat flavored milk at school. Conclusions and Implications: Smart Snacks in School standards did not result in significant dietary changes in this study. Longitudinal studies could evaluate long-term impacts of nutrition standards.
INTRODUCTION
Children and adolescents aged 5-17 years spend the majority of their waking hours in school settings and consume 35% to 40% of their daily calories in schools. 1 Schools are important avenues to promote healthy eating among transitioning adolescents to become independent purchasers, when long-term risk of obesity may persist. 2 School competitive foods are foods and beverages sold in vending machines, school stores, a a la carte, and as fundraisers. More than 60% of middle schools offer competitive foods, which are generally energy dense and often high in solid fats and added sugars. 3 In July, 2014, the Smart Snacks in School (Smart Snacks) regulation took effect and amended the Healthy, Hunger-Free Kids Act of 2010 to create nutrition standards for all foods and beverages sold in schools, based on the Institute of Medicine recommendations and Dietary Guidelines for Americans (Table) . 4, 5 The Healthy, Hunger-Free Kids Act of 2010 5 is based on the socioecological model. Smart Snacks specifically targets the school food environment of schools, which not only can influence availability and access to healthy foods but can alter social and cultural norms. 6 The goal of this study was to examine the effect of this policy on adolescents' snack food and beverage intake within rural Appalachia, especially considering that low socioeconomic status and rural lifestyle are tied to lower dietary quality and higher obesity rates. 7, 8 A secondary goal of the study was to examine the relationship between school poverty rates, determined by free or reduced price lunch rate (F/R) and intake of snack foods and beverages. Despite the multiple increased risk factors for obesity prevalent in this region, few studies focused specifically on this problem, likely because of the geographical barriers to accessing many Appalachian communities. 9, 10 It is possible that much of these children's diets consist of foods provided through the school system because of the high poverty rates. The hypothesis was that national implementation of Smart Snacks would improve snack food and beverage intake of middle school students in rural Appalachian middle schools.
METHODS Sample
The researchers recruited only middle schools, defined as schools housing sixth-through eighth-grade students in southwest Appalachian Virginia with $50% of students eligible for F/R National School Lunch Program (NSLP) meals, to participate in this study in spring, 2014 (before implementation) and spring, 2015 (after implementation). Schools were contacted using a randomized list of 23 qualifying middle schools in Appalachian Virginia. Of the 11 schools that were contacted, 3 declined to participate, which left a total sample of 8 schools (72.7% response rate). 11, 12 Audits were also completed to assess compliance in the same 8 schools before and after implementation of standards in a parallel study. 13 
Participants
Trained graduate students guided participating middle school students through the questionnaire before allowing them to complete the remainder of the questionnaire on their own, assisting when necessary. Approximately 45 sixth-grade students completed questionnaires in each school before implementation. After implementation, questionnaires were administered to approximately 45 seventh-grade and 45 sixth-grade children per school. Principals in participating schools were instructed to identify classes from their respective schools to participate in the study and acquire consent from the respective teachers to minimize possible interference in the academic schedule. Often the required number of students was fulfilled by gym classes or individual classes of students. Sample size was determined based on a desired 80% probability that the study would successfully detect differences in student diets before and after implementation, determined by a minimal detectable difference of 0.22 times consumed per day (SD 1.50 times per day) of a food or beverage item on the survey instrument.
Only sixth-graders were selected before implementation because these students would be exposed first to more competitive foods compared with seventh-grade students. Sixthgraders were targeted because they are transitioning into more independent decision making regarding foods, because elementary schools tend to be more restrictive, offering few vending or a la carte items compared with middle schools.
14 Both sixth-and seventh-graders were included in the after-implementation analysis to ensure there were no confounding effects by grade. It is possible that students surveyed before implementation also 
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participated in the survey after implementation.
Questionnaire
The survey instrument consisted of sociodemographic questions including grade, gender, and frequency of lunch purchases; and the Beverage and Snack Questionnaire 2 (BSQ2). The BSQ2 was a modification of the BSQ, with the addition of flavored milk, water, and coffee or tea, designed for children aged 10-18 years. 15, 16 The 23-item questionnaire focused on the location (at school or away from school) and consumption of snack foods and beverages, particularly those high in solid fats and added sugars, and fruits and vegetables, which are often found in competitive and/or snack foods and beverages. 15, 17 The original BSQ was tested for validity; results ranged from 0.11 to 0.69 across food types (snacks, fruits and vegetables, etc) compared with a 4-day food record. 15, 18 Pearson correlation coefficients ranged from r ¼ .72 to r ¼ .85 per item.
Participation was voluntary and no personal information was obtained. Parental consent was not required for the anonymous survey. Study instruments and protocol were approved by the Virginia Polytechnic Institute and State University Institutional Review Board.
Data Analysis
The researchers used an ordinal logistic regression model to evaluate the effects of Smart Snacks implementation (year) on dietary intake. Within the ordinal logistic regression, the authors also tested for fixed effects: year, gender, and free/reduced lunch rates. Grade (6 and 7) and F/R rate were included as covariates. Frequency of consumption for all 23 food and beverage items were coded as never or less than once per week (0), 1 time/wk (1), 2-4 times/wk (2), 5-6 times/wk (3), 1 time/d (4), 2-3 times/ d (5), and $4 times/d (6) . Three separate analyses were conducted for frequency of consumption in school, because 1 school did not permit sociodemographic data to be collected owing to sensitivity issues. The 3 analyses allowed for testing of effects of different socioeconomic variables on dietary intake both in school and outside school: (1) a model including 7 schools with gender, grade, year and F/R rate as covariates; (2) a model including all 8 schools with year, grade, and F/R rate as covariates; and (3) a model using 7 schools comparing diet and school lunch purchase frequency with school treated as a random effect (version 22.0.0, SPSS Statistics, IBM Corporation, Armonk, NY, 2013).
RESULTS Schools
Based on a parallel study on the same 8 schools, 90% of a la carte foods were compliant with the standards after implementation, an increase from 36% compliance before the standards. Further details describing audit data are provided elsewhere. 13 
Participants
Average enrollment for the 8 participating schools was 104 sixth-grade students (range, 70-156 students) and 116 seventh-grade students (range, 60-160 students) in the 2013-2014 school year (before implementation) and 115 sixth-grade students (range, 59-149 students) and 103 seventhgrade students (range, 66-161 students) in the 2014-2015 school year (after implementation).
19 Before implementation 416 sixth-grade students were surveyed; after implementation, 304 sixth-and 363 seventh-grade students were surveyed. Of the 7 schools with gender data, 54% of respondents identified as male. Overall 89.2% of the sample self-identified as white, 3.0% as African American, 1.1% as Asian or Pacific Islander, 1.6% as Native American, and 3.2% as other; 1.9% preferred not to answer. Of this sample, 2.31% identified as Hispanic or Latino.
Self-Reported Snack Food Intake at School
Foods with the highest consumption frequencies were fruit (23.3% of students consumed it once or more per day), vegetables (13.9%), chips (10.1%), candy (8.5%), and baked goods (7.4%). Students who reported buying lunch were also more likely to report eating vegetables and consuming salty snacks.
Girls reported consuming fewer low or nonfat frozen desserts and less ice cream (P < .05) and higher fruit consumption than did boys.
No significant differences in consumption of foods or beverages were found between sixth-grade before implementation and sixth-grade after implementation. Similarly, no significant differences were found between sixth-grade before implementation and seventh-grade after implementation for either foods or beverages, in or out of school.
The F/R eligibility rate by school was positively associated with both low or nonfat frozen desserts and ice cream consumption (P < .05). It was also positively associated with increased vegetable consumption (P < .01).
Self-Reported Snack Beverage Intake at School
The most frequently consumed beverages reported were water (39.1% of students consumed it $1 times/d), 1% or nonfat flavored milk (17.1%), regular or 2% flavored milk (13.2%), 100% juice (13.4%), and regular or 2% unflavored milk (10.6%). Few students reported consuming energy drinks, coffee, or tea. In contrast, fruit drinks, sports beverages, flavored water, and soda consumption was negatively associated with school lunch purchases. Significantly more girls reported more frequent consumption of plain water (P < .01) whereas boys consumed more 100% juice (P < .01), energy drinks, and 1% or nonfat flavored milk (P < .001).
Before Smart Snacks implementation, a higher consumption of 1% or nonfat flavored milk occurred (P < .05). More flavored water was consumed after implementation (P < .05). No other changes by year were noted. Again, differences existed between schools; school 8 consumed the most 100% juice and school 3 consumed the least (P < .05). A higher F/R rate was associated with increased 100% juice consumption (P < .05), 1% or nonfat flavored (P < .01), regular or 2% flavored, 1% or nonfat unflavored, and regular or 2% unflavored milk (P < .01). Frequency of consumption of all milk varieties except regular or 2% unflavored milk was positively associated with buying lunches both before and after implementation.
Self-Reported Snack Food and Beverage Intake Outside School
The snack foods with the highest consumption frequency were fruits (37% of students consumed them once or more per day), vegetables (25.8%), candy (20.8%), and chips (20.5%). The most commonly consumed beverages were water (48.6%), soda (29.3%), fruit drinks (22.7%), and sports drinks (22.6%). Similar gender differences were found for outside and in school. Girls reported a higher consumption frequency of vegetables (P < .01) as well as higher consumption frequency of fruits (P < .001) than did boys. Girls also reported higher water (P < .001) and coffee (P < .01) consumption than did boys. However, boys reported higher energy drink (P < .001) and 1% or nonfat flavored milk consumption (P < .01) than did girls.
No significant changes were noted in snack food and beverage intake outside school from before to after the implementation. The F/R rate was negatively correlated with the consumption of soda (P < .05) and positively correlated with regular or 2% flavored milk consumption outside school (P < .001).
DISCUSSION
The current study found that the Smart Snacks standards did not result in significant shifts in dietary components of middle school students in this sample of rural Appalachian middle schools, both in and out of school. The only significant change was that consumption of 1% or nonfat flavored milk decreased after the legislation, which was possibly a negative consequence, considering that only 22% of boys and 15% of girls aged 9-13 years were meeting the adequate intake for dietary calcium. 20 It is possible that although the school snack food environment changed positively, children may have brought foods from home. In addition, not all school foods were compliant with the standards, which still offered an opportunity for students to access unhealthy foods. 13 In another study, compliance of a la carte foods to new snack legislation in this sample of schools rose from 36.0% to 90.0%. However, many schools in that study had fundraisers and snack stores open to students. 12, 13 There were few changes to dietary patterns as a result of the standards; this could be explained by the introduction of copycat snacks. Food companies were quick to respond to the Smart Snacks standards and reformulated popular snack items to maintain school customers. Copycat snacks appeared similar to regular products found on the market but were reformulated versions that often had smaller portion sizes and were lower in fat, sodium, or sugar and were available only at school, with the intent purpose of meeting Smart Snacks legislation. 21 Copycat snacks generally included chips, fruit snacks, baked goods, and salty snacks. These copycat snacks were common in the audits of schools after implementation of the standards. 13 Without knowing there were copycat snacks and about the possible nutrient differences, students would not be able to discriminate between reformulated and original products in the BSQ2. The survey included low-fat and fullfat options, but it is unlikely students could discern the difference between reformulated and original products owing to similarities in packaging. Along these lines, students may have consumed fruits and vegetables in less healthy forms such as fried, packed in syrup, or included in combination dishes such as casseroles. The BSQ2 instrument has examples of vegetables (salad, peas, green beans, or corn) and fruits (bananas, apples, or grapes) but excluded only fried potatoes and fruit juices. This BSQ2 provided some common competitive food and beverage items but was not comprehensive and was based on self-reported data. It is possible that the instrument was not sensitive enough to detect changes in solid fats and added sugars sold in schools. Many of the foods were not substituted with different food types but instead with the copycat snacks. Despite these limitations, the BSQ2 was an appropriate tool for the age group and the only known questionnaire verified for this age group that included items often sold in schools. 18 Owing to concerns of privacy, 1 school did not permit the inclusion of sociodemographic information within the study. The school sample size was relatively small, and schools varied even within the same district. The observational period was also short, and a longer data collection period may have yielded stronger results. Schools also faced turnover of cafeteria and office staff, which could have affected results presented here. For example, 1 school added noncompliant flavored water vending machines when a new principal was hired. Although this report fills an important research gap by studying rural, high-poverty middle schools in this unique highly disparate area, it is not widely generalizable. 9 
Snack Foods
Chips were 1 of the more popular snacks among children participating in the study. Chips, as well as baked goods such as cookies, were frequently offered in cafeterias as a la carte options. 12 Although vegetable and fruit consumption was often reported, children were not meeting their recommended intake of fruits and vegetables. 22 Consumption patterns of students reflected their school food environment, with highly variable food options even within school districts. 23 Association of F/R rate and foods served with NSLP meals was likely attributed to participation in NSLP, which had strict standards. A higher F/R rate was associated with increased consumption of fruits and vegetables, which could be the result of higher NSLP participation, a trend noted by other research. 24 Both vegetable consumption and salty snack consumption was positively associated with a higher rate of self-reported lunch purchases, which emphasized the vegetable component of the school meal and the availability of salty snack foods sold alongside the school meals a la carte. Students may have been purchasing these items to supplement their school lunches. 25 Another interesting finding was that F/R rate was positively correlated with the consumption of fruit, ice cream, and low-fat or nonfat frozen desserts. Dessert items often were offered alongside the school meal.
Gender differences in consumption frequency included higher fruit consumption by girls and higher ice cream consumption by boys. High fruit consumption by girls and higher
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Snack Beverages
Whereas 1% or nonfat flavored milk declined between baseline and after implementation, students also reported more frequent consumption of flavored water. Decreases in 1% or nonfat flavored milk consumption frequency from before to after implementation could be attributed to decreased NSLP program participation over time. 28 Milk consumption could have declined as a result of increased flavored water consumption, displacing typical milk consumption.
Water, flavored milk, regular or 2% unflavored milk, and 100% juice were the most frequently consumed beverages at school. Similar to snack foods, a higher F/R rate was associated with higher consumption of 100% juice and milk, beverages that are included in an NSLP meal.
All milk varieties were positively associated with the F/R rate. All milk varieties except regular or 2% unflavored milk were positively associated with the frequency of school meals purchased during the week. It is likely that most of the milk consumed by students was included in their NSLP meal, but some students may have confused the many milk options on the BSQ2.
A common beverage offered a la carte by all schools participating in this study was 100% juice. 12 Some schools offered more brands and varieties of juice and had higher consumption rates compared with other schools that offered as few as 1 brand of juice a la carte with no juice in vending machines or school stores.
Fruit drinks, sports beverages, flavored water, and soda were negatively associated with school meal purchases. None of these items were offered a la carte but sports beverages and flavored water were offered in vending machines outside the school cafeterias in select schools. A high report of sports beverage consumption was noted in school 6, where 4 nondiet sports beverage vending machines were available to students as well as a school store with these items available for purchase. Access to such school stores were associated with increased sugar-sweetened beverage consumption. 29 Lower sports beverage and soda consumption was reported in schools without sales outside a la carte. Higher water consumption by girls and higher milk consumption by boys was consistent with national study findings. 30 Higher frequency of juice consumption in boys could be explained by the high frequency of water consumption in girls, which suggested that water displaced 100% juice and milk consumption in their diets. Furthermore, lower energy drink consumption in girls was found elsewhere. 31 
Outside School
An interesting finding in the current study was that a higher F/R rate was negatively correlated with the consumption of regular soda outside school. There are several possible reasons for this. Although low-income families tend to consume more sugar-sweetened beverages, high NSLP participation may have a spillover effect on healthy eating outside the lunchroom. 32 Another possible explanation is that parents who elect to have their children enrolled in the NSLP may be more inclined to have a healthier eating environment at home. It is likely that the F/R rate and milk consumption correlation were positive because students became accustomed to drinking flavored milk. Gender consumption patterns were similar to inschool consumption patterns.
The primary limitations of this study were the small school sample size and limited generalizability of the sample. Further limitations included a lack of repeated-measures design and a short time period of evaluation. Although the BSQ2 was designed to measure common foods in schools, it did not assess consumption of nuts, cereals, meat jerky, yogurts, cheese, or sweet snack mixes, which were some items offered in the current sample of schools.
IMPLICATIONS FOR RESEARCH AND PRACTICE
Consumption frequency of foods and beverages often sold as competitive foods did not change significantly with the implementation of the new Smart Snacks standards. However, significant differences in consumption frequency of foods sold as part of the NSLP meals varied by the F/R rate of schools. Future research could compare school compliance levels with NSLP standards and competitive foods standards on student dietary intake. It may also be prudent to study student dietary intake over a longer time and examine effects of school competitive food policy on weight status.
